Collective Flow and HBT Radii from a
Full 3D Relativistic Hydrodynamic Mode
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Recent Development of
Our Hydrodynamic Model
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« Particle ratio and spectra HAGRNE

* A more realistic picture of hydrodynamic evolution

3. Incorporation jets into hydro (the Hydro+Jet model)
* Dynamical effects of fluids on jet quenching

/Reference:
1. T.Hirano, PRC65,011901(2002).
2. T.Hirano and K.Tsuda, nucl-th/0205043.
3. T.Hirano and Y.Nara, hep-ph/0208029.
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Schematic Picture of Space-Time Evolution
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Cartesian and ‘Bjorken’

1.=const.

Problems: ——
*Too long life time 7~100 fm/c T=Nl -z
‘Less accurate near light cone { . _1, itz
‘Initial time #thermalization time 2 t-z
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Hydrodynamic Equation
in (7, 17, x, y)-Coordinate
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Chemical
Freeze Out




Early Chemical Freeze Out

TCh ¢ Tth
T T

Particle  p;spectra
ratio & HBT

/Incorpora’re into
hydrodynamics

:O v barZ;anc cu:emlee:l pute::tlal _u;-TGe\.-'J
- (IUB ) ~ Figure from
U.Heinz, hep-ph/0109006.
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K; Dependence of HBT Radi

«T1h=140 MeV negatlve plOIlS neglectmg resonance decays
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Data from STAR, PRL87, 082301 (2001), PHENIX, PRL8&8, 192302 (2002).



p+ Spectra of Charged Hadrons
in Au+Au 130A GeV
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Elliptic Flow as a Function of
Pseudorapidity
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‘First hydrodynamic result of v,(7)
‘Elliptic flow is suppressed by early chemical freeze-out!
‘Is early thermalization achieved only near midrapidity ?

Data from PHOBOS, nucl-ex/0205021; STAR, PRL86,402(2001).
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Jet Tomography

Does jet quenching contain
information about QGP?

Figures from M.Gyulassy’s talk
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Exp. Data @ High p-

K.Adcox et al. (PHENIX), PRL8S, 022301.
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First observation of jet quenching in H.I.C. !




Hydro+Jet Model

3D Hydro  pyTHIA
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Parton Evolution In the

Transverse Plane

0
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*Initial position of partons
—>Prop. to # of binary collisions
«Momentum distribution

(on-shell partons with
p>2 GeV/e) €PYTHIA 6.2

0
¥ [frm]

*Assuming partons move along
straight paths

*Stop just after coming out from
the QGP and mixed phases



n¥ Spectra @ High p-
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What’s New ?

1. Full 3D hydro in
1), coordinate

|

*Rapidity dependence of
eparticle multiplicity
radial and elliptic flow

1n non-central collisions

*HBT radu

|

2. Incorporating early
chemical freeze out

—

[ 3. The Hydro + Jet model }

*Quantitative estimation of

jet quenching
*Suppression of high p, hadrons
Saturation of elliptic flow?

*More realistic picture of
hydrodynamic behavior
*Particle ratio& 4y #0

We are now almost
ready to explore all
hadronic observables
in H.I.C. within
a hydro-based tool.
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Why Hydrodynamics ?

[ Lattice QCD \

*EOS
*Transport coefficient
*Spectral function
Effective Theories
*Spectral change
*Chiral restoration
*Critical end point
1Ll
At fixed T or ng
STATIC!

< large gap! >

Heavy-Ion Collision
*Expansion

*Cooling down
*Flow

*Phase transition

1l
DYNAMIC!
Experimental Data

Au-Au 5% central




Relativistic Hydrodynamic
Equation
d, I =0,0,n5 =0

™" =(E+ Pu“u” — Pg"”

ng = ngu’
*Space-time evolution
of thermodynamic
variables
*Phase transition via EOS
Particle distribution via
Cooper-Frye formula
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Suppression of
high p, hadrons

U

Information on
the early stage
of parton phage!

N(7)/N(ty) at p=5 GeV/c, b=3.35 fm, £6=0.06 GeV fm?



Ratio to Binary Collisions
at 130A GeV
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Data from K.Adcox et al. (PHENIX), PRLS&S, 022301.
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—— No quenching
Preliminar y ——e€0=0.06
— LPM (default)
— LPM (default*4)
— Hydro only

Parton energy loss

Incoherent:

dak =£cop =0.06p

dx

LPM:
ik _ a~bE log(l—l— 22),0

dx m
a=0.08fm!, »=0.35GeV
L~7fm
m:screening mass from
the Polyakov loop model




Ratio to Binary Collisions

Preliminary

ec =0.06
— LPM (default)
— LPM (default*4)

Au+Au 2004 GeV
Impact parameter b=2.0fm

Parton energy loss:

a’_E: aNbE log(1+ 257 jp
dx m-L

a=0.08fm!, 5=0.35GeV
L~Ttm

m:screening mass from
the Polyakov loop model
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Triggered:4<p;<6 GeV/c, associated:2<pr<pr i,

Au+Au 2004 GeV
Impact parameter b=2.0fm

Parton energy loss:

daE _ = aJbE log( 2L j yo,
dx m’L
a=0.08fm!, 5=0.35GeV
L~Ttm

m:screening mass from
the Polyakov loop model




